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Overview 
• Timeline 

– Start 10/1/2011 
– End 9/30/2014 
– 40% complete 

• Budget 
– Total project funding 

• DOE – $1,210,235 
• Contractor – $665,472 

– DOE funding in FY12 
• Received $706,265 
• Expended $389,496 

– DOE funding for FY13 (as 
of January 31, 2013) 
• Received $100,000 
• Expended $81,246 

• Barriers 
– Public acceptance 
– Safety concern 
– Cost Effectiveness 

• Partners 
– ESRI 
– NAVTEQ 
– Beat the Traffic 
– Earthrise Technology 
– Automatiks 
– U. of California Berkeley 
– Riverside Transit Agency 
– Caltrans 
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Relevance 
• Overall project goal 

– To design, develop, and demonstrate a next-generation driving 
feedback system that will: 
• Improve fuel efficiency of the fleet of passenger cars and 

commercial vehicles by at least 2%, 
• Comply with federal safety and emissions regulations, and 
• Deployable across existing vehicle fleets. 

• Project objectives over the past year (March 2012 – 
March 2013) 
– Complete three modules of the system 

• Eco-Routing Navigation module 
• Eco-Driving Feedback module 
• Algorithm Updating module  

 

 



4 

Approach (1) 
• Offer and encourage fuel-efficient choices to drivers/fleet 

operators in multiple aspects of their vehicular travel: 
• Eco-Trip Scheduling module allows fleets to plan a sequence of 

stops (e.g., for delivery) that is most fuel efficient. 
• Eco-Routing Navigation module suggests the most fuel-efficient 

route from one stop to the next. 
• Eco-Driving Feedback module provides sensible information, 

recommendation, and warning for fuel-efficient vehicle operation. 
• Eco-Score and Eco-Rank module provides platform for driving 

performance tracking, self-evaluation, and peer comparison. 

• Fuel savings from individual modules can add up to a 
significant amount of savings. 

• The modules make use of real-time information, high-
performance computation, and advanced analytics. 
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Approach (2) 



• The system is: 
– Applicable to both fleet and consumer vehicles 
– Scalable from a few vehicles to a large number of vehicles 
– Compatible with multiple software platforms (e.g., Windows, Android) 
– Customizable due to modular software architecture 

 
 

 
 
 

 

6 

Approach (3) 
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• Milestones for FY12 and FY13 

Approach (4) 
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Task
Subtask

10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9
1. Eco-Routing Module

1.1 Upgrade DynaNet with 3D street map and new traffic data sources
M1: DynaNet upgrade completed
1.2 Develop methods for deriving intersection delays from probe data
1.3 Calibrate EOPS for vehicles in the test fleets
1.4 Integrate EOPS with trip planning/scheduling software
1.5 Perform subsystem testing
M2: Eco-Routing Module 100% completed

2. Eco-Driving Feedback Module
2.1 Expert interviews
2.2 Design types, properties, and media of feedback
2.3 Design feedback algorithms
M3: Eco-Driving feedback design completed
2.4 Implement Eco-Driving feedback software
2.5 Integrate the software with OBD firmware
2.6 Perform subsystem testing
M4: Eco-Driving Feedback Module 100% completed

3. Eco-Score and Eco-Rank Module
3.1 Design Eco-Score and Eco-Rank calculation algorithms
3.2 Design module’s user interfaces
3.3 Implement Eco-Score and Eco-Rank module software
3.4 Perform subsystem testing
M5: Eco-Score and Eco-Rank Module 100% completed

4. Algorithm Updating Module
4.1 Design algorithm updating methodologies
4.2 Design module’s user interfaces
4.3 Implement algorithm updating module software
4.4 Perform subsystem testing
M6: Algorithm Updating Module 100% completed

FY12 FY13 FY14
2011 2012 2013 2014

Complete 

Complete 

Complete 

Complete 

Complete 

Complete 
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Technical Accomplishments (1) 
• Eco-Routing Navigation module – software architecture 
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Technical Accomplishments (2) 
• Eco-Routing Navigation module – intersection delays 
• Node costs (e.g., intersection delays & fuel consumption) 

are typically not accounted for in route calculation. 
• They are defined in data structure based on turning 

movements (e.g., 16 turning movements for a typical 4-
way intersection). 
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A 

B 

C 

D 

Turn ID From 
Link

To Link Peak 
Delay (s)

Off-Peak 
Delay (s)

1 A A 45 15
2 A B 60 20
3 A C 30 10
4 A D 35 12
5 B A 12 4
6 B B 12 4
7 B C 18 6
8 B D 10 3

… … … …

 



10 

Technical Accomplishments (3) 
• Eco-Routing 

Navigation 
module – route 
evaluation 

• When 
considering 
intersection 
delays, optimal 
routes tend to 
contain fewer 
turns and 
consist more of 
freeway driving.  
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Fastest Most fuel 
efficient 

Least 
carbon 
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Technical Accomplishments (4) 
• Eco-Driving Feedback module – software architecture 
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Technical Accomplishments (5) 
• Eco-Driving Feedback module – user interfaces 
• Simple and intuitive; similar to current vehicle dashboard, 

which should help reduce “eyes-off-road” time 
• Feedback determined based on: 

– Actual fuel use (from vehicle’s OBD-II) 
– Real-time traffic 
– Road slope 
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• Eco-Driving Feedback module – effect of eco-speed 
 
 
 

Technical Accomplishments (6) 

13 13 

Energy/Emissions Non Eco-Driving Eco-Driving Difference 
Fuel (g) 1766 1534 -13% 
CO2 (g) 5439 4781 -12% 
CO (g) 97.01 50.47 -48% 
HC (g) 3.20 1.90 -41% 
NOx (g) 6.28 3.97 -37% 

Travel time (min) 38.9 41.2 +6% 
 

Real-world experiment on 
SR-91 in Southern 
California shows fuel 
savings of 13% for the 
eco-driving vehicle. 



Technical Accomplishments (7) 
• Eco-Driving Feedback module – effect of road slope 
• Sweet-spot speeds vary by road slope. 
• Eco-speed is adjusted based on road slope. 

– Lower when on uphill 
– Higher when on downhill 
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Technical Accomplishments (8) 
• Eco-Driving Feedback module – aggressive acceleration 

warning 
• Typical acceleration rates vary by speed 

– Higher mean at lower speeds 
– Higher standard deviation at lower speeds 

• Warning provided when exceeding the preset 
acceleration rate for a speed (e.g., µ + 2σ) 
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Technical Accomplishments (9) 
• Algorithm updating module automatically generates and 

continuously self-updates fuel consumption curves 
based on real-world fuel consumption data from the 
vehicle’s OBD-II 
 
 
 

• Adapt to 
changing driver 
behavior (as he 
eco-drives) and 
vehicle 
performance 
(as it wears 
out) over time 
 
 
 



• Algorithm Updating module – progression of median curve 
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Technical Accomplishments (10) 

76 snippets 

708 snippets 

410 snippets 

780 snippets 
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Technical Accomplishments (11) 
• Algorithm Updating module – comparison with fitted curve 

 
 
 
 

• Trends of the 
median and fitted 
curves are similar. 

• Median curve better 
captures fuel rate 
characteristic under 
transient traffic 
condition. 

• At the same speed 
under 25 mph, 
driving on freeway 
consumes less fuel. 
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Collaborations & Coordination (1) 
• Collaborations within the project 

– U. of California Riverside (university; prime contractor) 
• Conduct system R&D, lead system testing & evaluation 

– Esri (industry) 
• Provide trip scheduling & GIS software and technical support 

– NAVTEQ (industry) 
• Provide 3D digital map and real-time & historical traffic data 

– Beat the Traffic (small-business enterprise) 
• Model intersection delays using smartphone-based GPS data  

– Earthrise Technology (small-business enterprise) 
• Develop OBD-II interface software and provide technical support 

– Automatiks (small-business enterprise) 
• Configure connectivity between in-vehicle device and system server 
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Collaborations & Coordination (2) 
• Collaborations within the project (continued) 

– Riverside Transit Agency (local government) 
• Provide fleet and staff support for system field operational test 

– California Department of Transportation (state government) 
• Provide fleet and staff support for system field operational test 

– University of California Berkeley (university) 
• Conduct expert interviews and drivers’ perception surveys 

• Coordination with other research programs 
– Eco-Driving research of the U. of California’s Multi-campus 

Research Program and Initiative (MRPI) 
– Applications for the Environment: Real-Time Information 

Synthesis (AERIS) research of the Federal Highway 
Administration 
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Collaborations & Coordination (3) 
• Collaborations outside the project 

– Worked with Nissan to develop method for quantifying fuel 
saving/GHG reduction benefits of eco-driving technologies 

– Interviewed 11 experts to obtain inputs for system design 
• California Department of Transportation [fleet management] 
• Daimler Trucks [R&D] 
• Environmental Protection Agency (2 experts) [policy] 
• Environmental systems Research Institute [R&D] 
• General Motors [R&D] 
• National Renewable Energy Laboratory [R&D] 
• Riverside Transit Agency [fleet management] 
• Westat [consulting] 
• University of Minnesota, HumanFIRST Program [R&D] 
• U.S. Department of Transportation [policy] 
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Proposed Future Work 
Task

Subtask
10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9

5. System Integration
5.1 Set up system server
5.2 Implement software on in-vehicle device
5.3 Set up server communication with in-vehicle device
5.4 Define inputs and outputs for each module
5.5 Design integrated processes and data flow
M7: System integration design completed
5.6 Create data management plan
5.7 Perform system integration
M8: System integration with ECO-ITS testbed vehicle 100% completed
5.8 Perform system testing
M9: System demonstration 100% completed

6. Field Operational Test
6.1 Finalize test plan
6.2 Assemble in-vehicle devices
6.3 Install and test individual in-vehicle devices in fleet vehicles
M10: System installation completed
6.4 Operate the fleet and collect baseline data without feedback
6.5 Operate the fleet and collect data with feedback
M11: Field operational test 100% completed
6.6 Conduct driver surveys

7. System Evaluation
7.1 Finalize evaluation metrics
7.2 Analyze collected data both without and with feedback
7.3 Determine overall system performance
7.4 Identify strengths and areas for future improvement
M12: System evaluation 100% completed

8. Project Meeting and Reporting
8.1 Quarterly reports
8.2 Annual meetings
8.3 Draft final report
8.4 Final report, presentation, and on-site demonstration to DOE

FY12 FY13 FY14
2011 2012 2013 2014
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Summary 
• Project objectives over the past year have been 

achieved – three system modules completed. 
– Eco-Routing Navigation module 
– Eco-Driving Feedback module 
– Algorithm Updating module  

• Initial testing of the individual modules shows promising 
results. 

• The research team has tried to expand coordination of 
this DOE project with other research programs that 
target vehicle fuel efficiency improvements. 

• The research team is well positioned for work planned 
next year. 
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Technical Back-Up Slides 



Dynamic Roadway Network (DynaNet) 
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Underlying digital roadway 
network with speed limit info 

Google Earth or Google Maps 
interfaces 

Historical data from travel demand 
or traffic simulation models 

Real-time PeMS data 
(for freeways) 

Real-time probe vehicle data 
(for freeways and surface streets) 

Real-time data from other sources 



Road Grade Integration 
• One 2D link may have multiple road grade values 

 
 
 
 

• Referring to sublinks by their sequences in the link 
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Inflection points 

A B C 

Z 

X 

– For more accurate link fuel 
consumption calculation 

– Does not increase the 
number of links in the 
shortest path calculation 

 
 
 
 
 
 



• Step 1 – Convert EOPS curves into a look-up table. 
 

 
 
 
 

 
• Step 2 – For each link k with nk sublinks, calculate fuel 

consumption for each speed value v. 
   F = fuel consumption (grams) 
   f = fuel consumption rate (grams/mile) 
   d = distance (miles) 
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Link Fuel Consumption Calculator (1) 
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Link Fuel Consumption Calculator (2) 

28 

Link Fuel Consumption Table Fuel Consumption Rate Table 

Road Grade Table 



Excessive Idle Warning 

• Need to differentiate idling events 
– Discretionary (e.g., at trip starts, trip ends, activity locations) 
– Non-discretionary (e.g., at traffic lights) 

• Literature suggests a threshold of 120 seconds. 
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268-second idling at an activity location  85-second idling at a signalized intersection  
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